This study was undertaken to investigate the drying characteristics of red and white varieties of onion (Allium cepa) in a convective dryer. The drying characteristics of onion slices were examined at air temperatures of 50˚C, 60˚C and 70˚C and sample thicknesses of 2 mm. During the drying experiments, air velocity was held stable at 0.9 m/s. The effects of air temperature on the drying characteristics and quality parameters such as vitamins C and D, macro minerals (Mg, Na, P, Ca and K), non-enzymatic browning and thiolsulphinate of the dried onion slices were determined. For each of the plots of the drying curves from the mechanical drying tests, there was an absence of or just a very brief appearance of a constant rate period because onions are hygroscopic and hygroscopic foods tending to quickly enter the falling rate period; drying time decreased considerably with increased temperature. The time required to reduce the moisture content to any given value was dependent on the drying conditions, being the longest at an air temperature of 50˚C, 0.9 m/s and the shortest at an air temperature of 70˚C and air velocity of 0.9 m/s. The loss of vitamin C, which is a thermo-sensitive compound, was the least at an air temperature of 50˚C.
Introduction
Onion (Allium cepa) has been widely used even in ancient times as seasonings, for medical uses and as foods [1] . The importance of onions lies in the flavour that it imparts to several other dishes. Onion is characterized by its distinctive flavour and pungency which are due to sulphur containing compounds available in the scales of bulbs. Onion is a basic flavouring in the kitchen. It is used as a vegetable, or as a spice to bring out the flavour of other dishes without overpowering them. Onions are the indispensable vegetable, the strong (yet sweet) cornerstone of modern cooking, not just in our culture but around the world. For centuries, onions have been thought to have certain medicinal and disease prevention powers; modern science has begun to show that there may be some fact in the ancient lore. At the same time, onions are low in calories and are a source of dietary fiber. Bulb onions also provide vitamin C, with one medium onion providing 15 to 20 percent of the daily requirement. In the United States, products that contain onion extract are used in the treatment of topical scars [21] ; some studies have found their action to be ineffective, while others found that they may act as an anti-inflammatory or bacteriostatic [3] . 3-Mercapto-2-methylpentan-1-ol in onion was found to have an antioxidant potent that inhibits peroxynitrite-induced diseases.
In Nigeria, onion (Allium cepa) is majorly used as a flavouring agent. There is a general increase in demand for processed onions because of the high perishability of fresh onion. To satisfy this demand several types of natural onion products are currently available to food processors. These include dehydrated onion in powder or pieces: onion oil obtained by the distillation of fresh onions and offered as is diluted in vegetable oil or in form of an emulsion; onion juice concentrated to a viscous syrup or thick paste and also offered in dry form as dispersion on salt or dextrose [4] . Most of these processed onions are imported into the country.
Onions stored for long periods are subject to storage rot, sprouting, rooting, and loss of water making dehydration necessary as a method of preservation [5] . Prices of onion tend to oxalate during the dry season before harvest begins, due largely to the inability of the farmers to store the highly perishable crop. Preparing onions are often accompanied by watery eyes, caused by the breakdown of onion cells when cut; these cells release sulphurous substances that are in contact with the surrounding air, and create a new molecule (allyl sulphate) that irritates the eyes; the stronger the onion, the more it stings the eyes. Also the appearance of pieces of onions is not generally acceptable by people despite the love for onion flavour in most of their foods.
The rate of browning reaction is influenced strongly by the temperature and the moisture content of the food during drying; drying temperatures above 65˚C have a significant influence on the colour of dried onion [6] [7] . This has led to the demand for increase in the efficiency of onion dehydration to obtain a high-quality finished product. The objective of this work is to determine the effects of air temperature on the drying characteristics and quality of red and white onion varieties.
Materials and Method

Materials
Onions
Two fresh well graded onion varieties, namely Red and White were purchased from a local market (Iloro) in Akure, Ondo State, Nigeria. The onions were peeled manually by removing the skin and the first layer. After peeling, it was washed with tap water and left on an aluminum trays for 1 hour to allow the residual wash water on the surface of the onions to evaporate, the onions were sliced using a vegetable slicer in the direction perpendicular to the vertical axis. The onion slices were 2 mm thick.
Experimental Dryer
The drying experiments were conducted in a laboratory using the mechanical convective dryer [8] which consists of the following: centrifugal blower, a heating chamber (with 2-no 1.5 kW heater), a plenum chamber and a drying chamber. The air velocity could be kept constant during drying experiments at any desired level ranging from 0.3 up to 1.8 m/s.
The air passes into the central section of the duct where four trays of the material to be dried are suspended in the air stream. The entire dryer was insulated to avoid heat losses and substantial temperature differences across the test sections. The temperature of the air stream was measured by means of k-type thermocouples and controlled by a power regulator. Drying air velocity was measured by means of a hot-wire anemometer. The onion slices (2 mm thick) were spread in a net placed on the baskets which were made from stainless steel wire net.
Experimental Procedures
Drying Experiment
The dryer was run idle for about 1 hour to achieve a steady state in respect of pre-set experimental drying conditions before each drying run. About 100 g of onion slices after weighing were uniformly spread on the net and placed in the basket inside the drying chamber. The weight of the onion samples (white and red onions) was measured at intervals of 30 minutes. Drying was stopped when there was no noticeable change in the weight of the samples. The mechanical drying experiments were conducted at 0.9 m/s air velocity and 50˚C, 60˚C and 70˚C air temperatures.
Analytical Methods
The moisture content of fresh onion and the moisture content of the dried products were determined using the oven method [9] . The extent of brown pigment formation in the onion samples was determined by the measurement of the optical index. Phosphorus was determined routinely by the Vanado-Molybdate colorimetric or Spectrophotometric method. Thiolsulphinate, vitamins D, ascorbic acid (vitamin C), calcium, potassium and sodium content were determined using the official method of A.O.A.C. [10] .
Sensory evaluation was performed on the dried-milled onion samples using 20 panelists [11] . The product was evaluated on quality characteristics of texture, appearance, aroma, taste, feel and general acceptability on a 9-point Hedonic scale rating with 9 as like extremely and 1 as dislike extremely. The scores were then subjected to analysis of variance (ANOVA). Panelists were from the university community and cut across age and sex.
Results and Discussion
Effect of Drying Air Temperature on Drying Characteristics of Onions
The graphs of moisture content versus drying time and drying rate versus drying time at air velocity of 0.9 m/s and air temperature of 50˚C, 60˚C, 70˚C are shown in Figure 1 and Figure 2 for the red and white onion varieties respectively. The drying curves are typical to ones for food stuffs. The moisture content of onion slices decreased exponentially with elapsed drying time. As the air temperature increased, other drying conditions being same, the drying curves became steeper indicating higher moisture removal rates thus resulted into substantial decrease in drying time (t). At air velocity of 0.9 m/s drying time for the onion slices at air temperature of 50˚C, 60˚C and 70˚C were about 13 h, 12.5 h and 11 h, respectively. The moisture content reduced rapidly at the beginning and then decreased slowly with increase in drying time. Both the external factors and the internal moisture transport mechanism controlling the drying processes in the two main drying time regimes are important in determining the overall drying rate of the product [12] . The drying rates were higher in the beginning of the drying process and gradually reduced as the drying process progressed. This was because of more heat energy is absorbed by the water at the product surface initially, resulting into faster drying, and with the product surface drying out subsequently, heat penetration though the dried layer decreased thus retarding the drying rates. The drying rates increased with increase in air temperature, other conditions remaining the same and thus reducing the drying time. The dehydration rate of onion slices was found to be greatly dependent on the air temperature. In other words, the dehydration rate increased with an increase in the air temperature. The initial moisture content of onion slices were observed to be 90.89% and 88.55% wet basis red and white variety respectively, the final moisture contents was 10.87% and 10.89% at 50˚C, 9.58% and 9.28% at 60˚C, 7.69% and 6.39% at 70% for the red and white onions respectively. This shows that the higher the air temperature, the lower the final moisture content. The drying curves also mostly exhibited a falling rate period. Similar results were obtained by Krokida et Tables 1-4 show the effect drying air temperature on vitamins C and D, some mineral content and the thiosulphinate content and optical index in dried onion samples. ANOVA carried out to see the effect of drying air temperatures on onion slices (red and white) revealed that at air temperatures of 60˚C and 70˚C red variety and the white variety at 50˚C, there was a significant difference of 5% level with the raw onions (red and white). For 60˚C, 70˚C white variety and 50˚C red variety, there was no significant difference with the raw onions (red and water). An increase in drying air temperature had a negative effect on quality for both vitamin C and vitamin D. This is due to the break down at high temperatures and the sensitivity of vitamin C to heat to oxidation degradation [19] [20] . There was a loss in the vitamin C content as seen in Table 1 by the significant difference in the dried samples at the three temperatures for the red and white varieties from the raw onions. However, at 50˚C for the loss in the vitamin C content is not significant. This is because vitamin C is sensitive to heat and oxidation. An increase in drying air temperature has a negative effect on quality of both vitamins C. The destruction rate is higher at high moisture contents than at others stages of drying. There was also a significant difference in vitamin D for the red and white varieties at 50˚C, 60˚C, 70˚C from the raw red and white onions respectively but the loss in vitamin D was lesser at 50˚C for both varieties. This is also similar to the drying of milk were the vitamin D content is greatly decreased by drying. There was a significant difference between the onions dried at 50˚C, 60˚C and 70˚C for (red and white), as shown in the ANOVA Table 3 , in the non-enzymatic browning as measured by the optical index increased with an increase in time and temperature during drying. Similar observation was reported by Ertekin and Gedik (2004) [21] . The best colour in relation to the raw samples for the red and white variety was at 50˚C air temperatures for the red and white dried onions. The quantity of thiolsulphi- Similar letters in the exponential in the same row show there are no significant differences (p-value < 0.05). nate decreased with an increase in drying time and temperature. Thiolsulphinate loss increased with a decrease in moisture content to a certain level.
Effect of Drying Air Temperature on the Quality of Dried Onions
There was a significant difference in the mineral content at the three air temperatures for the red and white varieties but the red and white variety at 50˚C had the highest mineral content for K, Na, Ca and P however, all dehydrated samples showed a considerable decrease in mineral content with respect to the fresh samples as shown in Table 2 . Nevertheless, the mineral content may vary widely among vegetables, depending on several factors such as ripeness, variety, soil type, the use of fertilizers, intensity and exposure time to sunlight, temperature, rain, and cultivation area [22] [23]. Analysis of variance (ANOVA) was carried out on the white and red varieties and the result shown in Table 4 reveals that there was no significant difference in the aroma, taste and overall acceptability of the red and white onion variety at 50˚C, 60˚C and 70˚C air temperatures but there was a significant difference appearance and texture in at p < 0.05 at 50˚C, 60˚C and 70˚C for the red and white onion variety. The red onion variety dried at 50˚C had the best organoleptic property.
Conclusions
In this study of mechanical convective drying of red and white onion slices is presented. Based on the experimental results reported herein, the following conclusions can be made: 1) Drying time decreased considerably with increased temperature.
2) The time required to reduce the moisture content to any given value was dependent on the drying conditions, being the highest at an air temperature of 50˚C, 0.9 m/s and the lowest at an air temperature of 70˚C and air velocity of 0.9 m/s.
3) For each of the plots of the drying curves from the mechanical drying tests, there was an absence of or just a very brief appearance of a constant rate period because onions are hygroscopic and hygroscopic foods tending to quickly enter the falling rate period.
4) An increase in drying air temperature had a negative effect on quality for both vitamin C and vitamin D which is a thermo-sensitive compound; this was likely due to the elevated processing temperature and period of exposure. Dried red and white onion at an air temperature of 50˚C had the highest vitamin C retention after drying.
